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Kap121 karyopherin display a mitotic delay, indicatingMolecular Rearrangements within
a specific role of this karyopherin in mitotic control.the Nuclear Pore Complexes: Notably, mutations in several other karyopherins, includ-
A New Way to Regulate ing Mtr10, Kap60 (Srp1), and Kap104 were recently dem-
onstrated to bypass the essential requirement for MitoticNucleocytoplasmic Transport
Exit Network (MEN) genes, suggesting that several kary-
opherins might be specifically involved in mitotic pro-
gression (Asakawa and Toh-e, 2002; Shou and De-
shaies, 2002). However, in these studies the molecular
mechanisms underlying the role of karyopherins in the
MEN remained undefined. Makhnevych et al. pursuedUntil now, regulation of nucleocytoplasmic transport
the dissection of the Kap121-dependent cell cycle regu-of macromolecules has been thought to occur mainly
lation mechanisms. They found that in wild-type cellsthrough modifications of the cargo molecules. How-
Kap121p-dependent reporter cargoes failed to accumu-ever, in the December 26 issue of Cell, Makhnevych
late in the nuclei of G2/M-arrested cells. This cell cycle-et al. describe a novel mechanism controlling cell cycle
regulated import inhibition was not a general feature ofprogression in yeast that involves subtle molecular
nucleocytoplasmic transport, as reporters specificallyrearrangements within the nuclear pore complexes.
recognized by other karyopherins such as Kap95/
Kap60, Kap104, or Kap123 were still imported efficiently.
Makhnevych et al. correlated this Kap121-mediatedThe past 10 years have seen substantial progress in
nuclear import inhibition during mitosis with a decreasedunraveling the basic mechanisms involved in nucleocy-
efficiency of Kap121 translocation through the NPCs.toplasmic transport. Most nuclear import and export
The Wozniak group had previously characterized a spe-processes start with recognition of specific import (NLS)
cific interaction between Kap121 and Nup53 (Marelli etor export (NES) sequences on cargo molecules by a
al., 1998), and here they used affinity purification tech-family of soluble shuttling transport factors, the kary-
niques to address the specific interactions betweenopherins (also referred to as importins and exportins).
Kap121, Nup53, and other nucleoporins in extracts fromThe cargo-karyopherin complexes are subsequently tar-
yeast cells blocked at various stages of mitosis. Interest-geted to and translocated through the nuclear pore com-
ingly, their analysis revealed specific cell cycle-depen-plexes (NPCs). Various NPC translocation models are
dent molecular rearrangements within the NPCs (Figurecurrently being debated, but they are all based on low-
1). During interphase, Nup53 interacts with Nup170. Asaffinity interactions between karyopherins and the “Phe-
the Nup170-interaction domain of Nup53 overlaps withGly”(FG) repeat domains found in a subset of nuclear
its high-affinity Kap121 binding domain (KBD), this inter-pore proteins (nucleoporins). The small GTPase Ran
action prevents Nup53 binding to Kap121. In mitosis,acts as a molecular switch that modulates karyopherin-
as yet uncharacterized molecular modifications (mostcargo interactions, thereby providing directionality for
likely phosphorylation) lead to Nup53 binding to anothernucleocytoplasmic transport (Weis, 2003).
nucleoporin, Nic96, and its concomitant release fromIn all eukaryotes, precise regulation of nucleocy-
Nup170. This exposes high-affinity binding sites fortoplasmic transport is an essential aspect of many cellu-
Kap121 and affects Kap121 translocation through thelar mechanisms, including gene expression, signal
NPC. As a key feature of the KBD domain of Nup53 istransduction, cell cycle, and differentiation. In organ-
its similarity to NLS sequences in Kap121 cargoes, theisms that undergo a closed mitosis such as yeasts, regu-
interaction between Nup53 and Kap121 also leads tolated nuclear import and export of macromolecules are
the release of the Kap121 specific cargo molecules inalso required during cell division to control the access
the cytoplasm.of mitotic regulators to their specific nuclear targets.
The idea that NPCs themselves may be involved inCells have evolved a variety of mechanisms for temporal
the regulation of nuclear transport was previously sug-regulation of import and export processes, and the
gested by several studies, such as the finding of alter-mechanisms characterized so far mainly affect the cargo
ations in the size of NPC translocation channels oc-molecules themselves. The most commonly described
curring in quiescent versus proliferating cells or duringmechanisms involve masking/unmasking NLS or NES
the cell cycle (Feldherr et al., 2001, and referencessequences, cytoplasmic/nuclear retention through spe-
therein). In vitro studies also revealed that phosphoryla-cific anchors, or modification (mainly through phosphor-
tion of constituents of the nuclear transport machinery,ylation) of the cargo molecules (Figure 1). Such alter-
most likely nucleoporins, downregulates nuclear importations either prevent or allow the interaction of the
but not export (Kehlenbach and Gerace, 2000). Morecargoes with their specific transport factors (reviewed
recently, an increase in the NPC diffusion limit was cor-by Schuller and Ruis, 2002).
The new study from Makhnevych et al. (2003) was related with partial NPC disassembly at a very early
step of nuclear envelope breakdown in starfish oocytesstimulated by the observation that yeast strains carrying
temperature-sensitive mutant alleles of the essential (Lenart et al., 2003). In these studies, changes within
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Figure 1. Alternative Pathways Regulating
Nucleocytoplasmic Transport
(A) Modifications preventing cargo-karyoph-
erin (Kap) interactions.
(B) Molecular rearrangements within the NPCs.
The molecular players described by Makh-
nevych et al. (2003) are Kap121 (Kap), Nup53
(iNup), Nup170 (NupX), and Nic96 (NupY).
the NPCs were associated with global alterations of ments within the NPCs might thus be relevant for regu-
lating transport in many circumstances, including in or-nucleocytoplasmic transport. In contrast, Makhnevych
ganisms with an open mitosis.et al. demonstrate that an inhibitory nucleoporin (iNup)
can, in a regulated manner, sequester and mask the
interacting domains of a specific karyopherin with its
substrates, thereby controlling the nuclear import of a Vale´rie Doye
defined subset of cargo molecules. Nuclear Pores and Nucleocytoplasmic Transport
In summary, while modifications of cargo-karyopherin UMR144 CNRS - Institut Curie
interactions were previously thought to be the major 26, rue d’Ulm
75248 Paris cedex 05mechanisms involved in the control of nuclear transport,
Francethe study from Makhnevych et al. (2003) provides evi-
dence that this regulation can occur at the level of the
NPCs themselves. Although iNup-dependent transport Selected Reading
regulations are unlikely to explain all karyopherin-asso-
ciated defects in mitotic progression, the existence of Asakawa, K., and Toh-e, A. (2002). Genetics 162, 1545–1556.
14 karyopherins in S. cerevisiae and more than 20 in Feldherr, C.M., Akin, D., and Cohen, R.J. (2001). J. Cell Sci. 114,
higher eukaryotes suggests that additional iNup/Kap 4621–4627.
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plasmids might either be pushed apart by the growingDNA Segregation
ParM filaments, or travel along the filament (Møller-Jen-by Bacterial Actin Homologs sen et al., 2002). Now, in a paper by Møller-Jensen et
al. (2003), further details of the ParM/ParR segregation
mechanism are elucidated. First, they show that ParR
binds cooperatively to ten DNA binding sites within the
parC region. Second, they show that ParM interacts with
ParR bound to parC in an ATP-dependent manner. Third,The bacterial actin homolog ParM catalyzes segrega-
using immunofluorescence microscopy to simultane-tion of plasmid DNA in E. coli. Recent studies now
ously visualize ParM and the plasmid DNA, they findsuggest a model in which ParM forms actin-like fila-
that plasmids localize to each end of the ParM filaments.ments between two plasmid molecules, thereby pro-
viding the driving force for plasmid DNA separation. Taken together, their results are consistent with a model
in which ParM filaments are nucleated on the plasmid
via interactions with ParR, and that subsequent elonga-
Images revealing that DNA molecules are highly orga- tion of the filaments serves to push the molecules apart.
nized within bacterial cells and can separate with rapid Many features of this model remain to be tested and
kinetics suggested the existence of cytoskeletal struc- many questions remain to be addressed, such as: What
tures that might be involved in DNA segregation, but the regulates ParM nucleation and filament growth? Do pro-
identity of these structures remained elusive. However, a teins encoded by the host cell interact with ParM to
series of stunning papers have appeared within the last regulate its functions, analogous to the roles played by
few years that have provided our first glimpse of the actin binding proteins? How is segregation coordinated
bacterial cytoskeletal structures involved in DNA segre- with the bacterial cell cycle? Furthermore, two recent
gation, providing tremendous insight into the mecha- reports implicate MreB in chromosome segregation
nisms by which bacteria transport macromolecules from (Kruse et al., 2003; Soufo and Graumann, 2003), sug-
one location to another. gesting that the mechanisms outlined for segregation
This series of landmark papers began with the discov- of plasmid R1 may have widespread implications.
ery that the MreB family of proteins previously impli-
Finally, many chromosomes and plasmids do not en-
cated in controlling cell shape are homologs of actin
code homologs of ParM and ParR, but instead rely upon
(Carballido-Lopez and Errington, 2003). The three-dimen-
members of the ParA and ParB family of plasmid parti-
sional structure of MreB is very similar to actin, even
tioning proteins. ParA and ParB are unrelated in aminothough they share only 15% identity in amino acid
acid sequence to ParM and ParR but are analogous insequence, and purified MreB assembles into filaments
many ways. ParA is an ATPase that interacts with ParB,similar to F-actin in vitro (van den Ent et al., 2001). Bacil-
a sequence-specific DNA binding protein that binds tolus subtilis MreB and the closely related protein Mbl form
a region of DNA adjacent to the parAB operon. The workdynamic, actin-like filaments in vivo (Jones et al., 2001).
with ParM raises the possibility that members of theAnother bacterial protein (ParM) with only limited
ParA family may participate in segregation by a simi-(11%) similarity to actin was also recently shown to
lar mechanism.have properties similar to actin. ParM is part of a plas-
mid-encoded DNA partitioning system along with ParR,
a DNA binding protein that binds to a specific DNA
sequence within a region of DNA termed parC. Together, Joe Pogliano
all three components, ParM, ParR, and parC, constitute Division of Biological Sciences
a partitioning system capable of ensuring that the low University of California, San Diego
copy plasmid R1 is faithfully segregated to daughter La Jolla, California 92093
cells prior to cell division, but the mechanism underlying
segregation for this plasmid or any DNA molecule in
Selected Readingbacteria has been unknown, until now. ParM was re-
cently shown to have a high degree of structural similar-
Carballido-Lopez, R., and Errington, J. (2003). Trends Cell Biol.ity to actin and to polymerize into two-stranded fila-
13, 577–583.ments in vitro that closely resemble F-actin (van den
Jones, L.J., Carballido-Lopez, R., and Errington, J. (2001). CellEnt et al., 2002). Polymerization of ParM appears to be
104, 913–922.dynamic in vitro and in vivo and is regulated, at least in
part, by ATP and ParR. The filaments formed by ParM Kruse, T., Møller-Jensen, J., Lobner-Olesen, A., and Gerdes, K.
(2003). EMBO J. 22, 5283–5292.in vivo can extend from pole to pole, suggesting that
